The highest concentration and greatest seasonal amplitude of atmospheric CH 4 occurs at 65°to 70°N. Concentrations are highest in March to April and lowest in summer (1) . Photochemical oxidation of CH 4 contributes to the low summer levels (2) but does not explain why the seasonal amplitude of atmospheric CH 4 is twice as high in the Northern as in the Southern Hemisphere, given large summer effluxes from North American bogs and tundra (3, 4) and modest CH 4 fluxes from Siberian wetlands (5) . Between August and April, 5.8 Tg (1 Tg ϭ 10 12 g) of CH 4 accumulate in the atmosphere north of 60°N (6) . Highlatitude winter fluxes measured in a muskeg and a peatland were only 10 to 12% of the annual total (4, 7) , an insufficient flux to explain a winter maximum in atmospheric CH 4 . Here we provide evidence for a large winter CH 4 source from Siberian lakes.
In the Pleistocene, most of the northern Siberian plains were unglaciated and accumulated ϳ400,000 Tg of organic C in sediments (8) (mainly derived from plant roots), similar to the total C in the terrestrial biosphere (9) . These sediments contained abundant ice (40 to 70% of soil volume) (10) (11) (12) , which began melting during the Holocene to form thermokarst (thaw) lakes that now make up ϳ30% of the landscape. These lakes migrated across the north Siberian plains during the Holocene (10) To evaluate the significance of this source, we incubated Pleistocene sediments from an eroding lakeshore with lake water. The yield was 65 Ϯ 3 mg CH 4 g Ϫ1 sediment at 15°C (mean Ϯ SE, n ϭ 3) over 12 months, equivalent to 5% of the C originally present in the soil; 26 Ϯ 2 mg CH 4 g Ϫ1 were emitted at 3.5°C, and 19 Ϯ 2 mg CH 4 g Ϫ1 were emitted at 0°C. These data indicate that the C in Pleistocene sediments is sufficiently labile to support methanogenesis and that, although methanogenesis is temperature-sensitive, it occurs at substantial rates at 0°to 3.5°C.
To determine whether methanogenesis in lake sediments is currently fueled by Pleistocene-aged organic matter, we measured stable and radiocarbon isotopes of CH 4 emitted by ebullition from two representative thaw lakes near Cherskii, Republic of Sakha (Yakutia), Russia (69°N, 161°E). CH 4 collected from these lakes in winter (April) had an average 14 C age of 27,200 years (Table 1 ). This age indicates that Pleistocene sediments deposited 20,000 to 40,000 14 C years ago (11) contributed 68 to 100% of CH 4 flux from these lakes. In contrast, CH 4 emitted in the summer (July) had an average 14 C age of 9,200 years, indicating that Pleistocene C fueled 23 to 46% of summer methanogenesis and thus that more CH 4 was produced in the younger surface sediments, which are warmer in summer than winter (10) . Thus, about half of current annual methanogenesis is fueled by Pleistocene C. In contrast, CH 4 from Alaskan lakes was only 200 years old (15) because Alaska lacks extensive Pleistocene sediments.
The ␦ 13 C value of CH 4 collected from Siberian lakes was Ϫ71 to Ϫ73 (Table 1 ). This value is less than that produced in summer by Alaskan tundra lakes (␦ 13 C ϭ Ϫ61 Ϯ 2) (15) or North American wet tundra (␦ 13 C ϭ Ϫ66 to Ϫ63) (15, 16). These values imply that the Siberian winter-collected CH 4 was not as oxidized as in these other environments, or that there was an isotopic difference in substrate or a different pathway of methanogenesis (17). The hydrogen isotopic composition of the CH 4 was variable, but most samples from the Siberian lakes were low (␦D ϭ Ϫ370), indicative of a biotic source for CH 4 , low oxidation rates in the water column, and CH 4 production by fermentation (17, 18).
We measured CH 4 ebullition fluxes from two thaw lakes using large funnels suspended beneath the ice (19). CH 4 fluxes were generally highest from October to January (Fig. 1 ), when deep sediments had their annual thermal maximum (10) . Fluxes were highly variable within a season; fluxes were highest at (8) and that 0.3 ϫ 10 6 km 2 of lakes (24) migrated across 90% of the plains during the last 10,000 years (10). We estimate Holocene C input to lakes assuming that the erosion rate for lakes 1 km 2 in area is 0.5 to 1.0 m year Ϫ1 (10) (that is, 0.05 to 0.1% of lake area) and that the lakes receive 100 kg m Ϫ2 organic C from vegetation (3 to 10 kg m ) (10, 11, 25 ) ϭ 50 to 100 g C m Ϫ2 of lake area. We do not know the contribution of in-lake production plus dissolved organic C inputs to CH 4 4 bubbles into collection flasks. Samples were collected every 0.5 to 10 days, depending on flux. Fluxes from seven other chambers in two lakes were similar to those shown but gave incomplete seasonal data due to winter ice damage. Water depth was 10 m. CH 4 content of recently produced bubbles was Ͼ80% CH 4 , as determined (Ϯ1% accuracy) by gas chromatography (GC). Each sample was analyzed on both a TSVET-530 and a Shimadzu 14A GC with a thermal conductivity detector and a flame ionization detector, respectively. We used data from the thermal conductivity detector if CH 4 concentration was Ͼ1%; otherwise, we used data from the flame ionization detector. By running all samples through both detectors, we cross-calibrated the two analytical methods. CH 4 concentration of samples that remained in collection flasks Ͼ24 hours declined due to diffusion into the water column. In these cases, we estimated CH 4 content as 0.8 ϫ gas volume. 20. M. D. Mattson and G. E. Likens, Nature 347, 718 (1990). 21. We sampled 19 lakes in June, August, September, and March along a climate gradient (4°to 12°C July mean temperature) from the Arctic Ocean to boreal forest (68°t o 70°N) in the Kolyma Lowland for dissolved CH 4 at 1-m-depth intervals through the water column. Lake depth and sediment types were representative of north Siberian lakes. Samples were analyzed for CH 4 The Pacific plate may support more than 50,000 seamounts taller than 1 km, yet ϳ50% of these undersea volcanoes are uncharted because of sparse bathymetric coverage (1, 2) . Even fewer (Ͻ1%) have been sampled for radiometric dating (3), making assessment of temporal fluctuations in intraplate volcanism uncertain. Because electromagnetic sensing devices cannot penetrate the oceans, we are unable to image the sea floor remotely and instead must rely on surface ships equipped with sonar. At the present rate of data acquisition, complete bathymetric coverage may take centuries. However, the density contrast between seawater and the sea floor basalt gives rise to gravity anomalies. These minute variations in Earth's gravitational pull cause seawater to be attracted to seamounts, leading to a sea surface (which approximates the geoid) whose shape reflects these underlying features (4). Thus, since the early 1980s, satellite altimetry has provided broad coverage of the sea surface or geoid undulations (5) . Early attempts to map the seamount distribution were largely limited by the coarseness of the satellite coverage [the typical track spacing was Ͼ100 km (6)], and many seamounts went undetected. Because seamounts are typically much smaller than 100 km, it was difficult to estimate what part of the seamount had been traversed by the satellite, leading to large uncertainties in estimates of seamount height and diameter (7) . Recently, the U.S. Navy declassified its Geosat satellite altimetry, which has been combined with the European Space Agency 
